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SUMMARY
A study was undertaken to investigate the use-impairment associated with the
presence of benzene, lead, aluminum, chloroform, trihalomethanes (THMs) and nitrates
in the drinking water supplied to the communities of Toronto, Thunder Bay, Windsor,
Milwaukee. Gary and Rochester.
The standards/guidelines used by and Welfare, Canada, the Ontario
Ministry of the Environment, the United States Environmental Protection Agency,
Related State Environmental Agencies, the World Health Organization and the
European Economic Community for the selected chemicals were reviewed. The
adverse effects of these chemicals and basis for adopting the recommended levels are
reported. If more stringent goals/objectives have been recommended,.\ these are
mentioned. ‘ ‘ ' (LI J'ﬂl ' a m if
Benzene is considereéto—becarcinogerik to humans. The concentration goal in
drinking water is zero and standards have beenset between ito lO ug/L because of
the limitations on analytic techniques and the cost of available technology. Benzene is
generally present below the analytical detection limits in the data studied in this report.
Hewever, considering its carcinogenicity and recent wide use in gasoline, it should be
monitored more frequently.
Lead is highly toxic to human; beings and its concentration goal has been set at
psesx ‘
zero because it is classiﬁed as We%arcinogen. At present, lead is regulated at E / v
ug/L; however, it has been proposed to lower the allowed concentration to 5 lO
\\
ug/L. In the future, it may be required that the water leaving the treatment plant be
made non-aggressive to the copper and lead used in plumbing. In recent years, the
lead concentrations in raw and treated waters have been generally below both
regulated and proposed levels. However, Milwaukee, Gary, Rochester and Windsor
have often exceeded these limits in the past. Windsor, in particular, had very high lead
 co
nc
en
tr
at
io
ns
in
19
86
an
d
19
87
.
Aluminum currently regulated at 50 ug/L due to aesthetic reasons. The
USEPA and are preparing health criterion documents and in the future it
may be regulated at a much lower level. Most of the time Windsor, Gary and Toronto
and often Rochester and Thunder Bay exceed the limit of 50 ug/L. Generally, the
treated water has a higher aluminum concentration than the raw water. All the
communities studied exceeded 19 ug/L most of the time, even in their raw water.
Under these conditions, appropriate technologies will have to be developed, in addition
to substituting another coagulant for alum, to reduce aluminum in drinking water.
Chloroforrn is formed during water treatment process and is carcinogenic to
animals and a probable carcinogen to humans. The WHO has established its guideline
at 30 ug/L so as not to compromise the disinfection process. is the
process of setting both a MCLG and MCL for chloroform in drinking water. The
NRC, WHO and USEPA recommend that the chloroform concentrations should be
reduced to as low as reasonably achievable, without compromising the disinfection
process. Both Windsor and Thunder Bay drinking waters have exceeded WHO
guidelines 40 % and 75 % of the time respectively, whereas other communities that
have adopted some special methods to reduce chloroform formation, show lower
concentrations. If chloroform standards are set at 15 ug/L due to health reasons and
—\
available technology, then Windsor and Thunder Bay will always exceed and
Rochester and Gary will often exceed the limit.
Chloroform is only one of the four types of trihalomethanes formed during
watermatment when free chlorine,psed
L.
as a disinfectant, combines with natural
, _
precursors present in raw water. Three of these chemicals are probable human
carcinogens and therefore THMs are regulated from 1 ug/L in several European
countries to 350 ug/L in Canada. It is difﬁcult to explain why Canadian
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h t
he r
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he
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It i
s ex
pec
ted
that
the
US
EP
A
wil
l s
oon
set
a n
ew
sta
nda
rd
for
TH
Ms
bet
wee
n 2
5 t
o 5
0 u
g/L
and
wil
l s
ugg
est
tec
hno
log
y t
o a
chi
eve
it w
ith
out
aba
ndo
nin
g t
he
use
of
fre
e c
hlo
rin
e.
Win
dso
r h
as
sh
ow
n
the
hig
hes
t c
onc
ent
rat
ion
s f
oll
owe
d b
y T
hu
nd
er
Bay
, R
och
est
er.
Tor
ont
o,
Ga
ry
and
Mil
wau
kee
.
All
of
the
se
com
mun
iti
es
sat
isf
y t
he
sta
nda
rd
of
100
ug/
L.
How
eve
r,
if T
HM
sta
nda
rds
are
low
ere
d t
o 2
5 u
g/L
, W
ind
sor
and
Thu
nde
r B
ay
wil
l a
lwa
ys
exc
eed
, R
och
est
er
wil
l e
xce
ed
50
%
of
the
tim
e,
Tor
ont
o a
nd
Ga
ry
wil
l e
xce
ed
les
s
tha
n
15
%
of
the
tim
e a
nd
Mi
lw
au
ke
e
wil
l n
ot
exc
eed
the
lim
it.
Nit
rat
es
can
cau
se
met
hae
mog
lob
ine
mia
in
inf
ant
s i
f pr
ese
nt
abo
ve
10
mg/
L a
s
N.
Th
e
ra
w
an
d t
rea
ted
wat
er
s i
n
all
the
co
mm
un
it
ie
s
stu
die
d h
ad
mu
ch
lo
we
r n
itr
ate
levels.
Th
er
e
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no
t
su
fﬁ
ci
en
t
in
fo
rm
at
io
n
av
ai
la
bl
e
to
pr
ed
ic
t
lo
ng
te
rm
tr
en
ds
for
th
e
ch
em
ic
al
s
in
ve
st
ig
at
ed
in
thi
s r
epo
rt.
Co
ns
id
er
in
g
the
he
al
th
si
gn
iﬁ
ca
nc
e
of
th
es
e
ch
em
ic
al
s,
it
is
re
co
mm
en
de
d
tha
t
all
co
mm
un
it
ie
s
sh
ou
ld
all
oca
te
su
fﬁ
ci
en
t
re
so
ur
ce
s
to
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re
fr
eq
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nt
su
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ei
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an
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an
d
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to
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1.0 INTRODUCTION
The Great Lakes is the largest fresh water ecosystem in the world and serves
more
than 30 million people, both in Canada and the United States, for their drinking
water needs.
The quality of drinking water supplied to these consumers depends on
the raw water quality in the lakes as well as on the treatment methods used in
processing this water.
Any impairment in raw water quality, directly or indirectly, can
result in changing the processed water quality.
Both in the United States and Canada,
the drinking water quality is regulated through federal and/or provincial/state legislated
standards.
The Great Lakes Water Quality Agreement (UC,1989) between Canada and the
United States addresses beneﬁcial uses and their impairment within the context of the
purpose of the parties "to restore and maintain the chemical, physical and biological
integrity of the waters of the Great Lakes Basin Ecosystem”. The beneﬁcial use of the
Great Lakes is speciﬁcally deﬁned in terms of general and speciﬁc objectives,
impairment and effect of hazardous substances. Recently, the Water Quality and
Science Advisory Boards (WQB) of the International Joint Commission (UC) have
broadened the traditional state-of-the-lakes quality with an emphasis on ambient trends
to state-of-the-ecosystem quality which includes human activities, effects and use
impairment. The WQB has deﬁned use-impairment as (WQB,1989):
- the effects observed within the living resources of the basin ecosystem that
are not within normal bounds and that have proven to be the result of human
activities;
oli
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.
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t
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an
d
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e
in
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r
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fﬁ
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t
a
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e
a
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e.
Ho
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t
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is
t
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e
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to
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have not been fully developed.
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1.1 OBJECTIVES
Th
e
ob
je
ct
iv
es
se
t
fo
r
th
is
st
ud
y
we
re
:
1.
To
de
te
rm
in
e
th
e
re
le
va
nc
e
of
th
e
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in
ki
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te
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re
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L
W
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i.e
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n
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Rochester, New York.
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water consumption, and provide comments and recommendations on their
application or improvement.
To further consider the implications of any determined deterioration in
dri
nki
ng
wat
er
qua
lit
y o
n c
urr
ent
ly
dep
loy
ed
wat
er
tre
atm
ent
tec
hno
log
y
and human health.
1.2 SCOPE OF WORK
The scope of the work speciﬁed in the Contract includes:
1.
To
asse
ss
the
ext
ent
of
use
-im
pai
rme
nt
in t
erm
s o
f A
nne
x 2
, 1
(c)
ix o
f t
he
GLWQA, for the selected locations;
To
eva
lua
te
the
suit
abil
ity
and
stat
us o
f Gr
eat
Lak
es
wat
er
qual
ity
in t
erm
s
of r
aw
and
ﬁni
she
d d
rin
kin
g w
ate
r f
or s
ix u
rba
n a
reas
in t
he
basi
n;
thre
e in
eac
h c
oun
try
, u
sin
g t
he
rel
eva
nt
pub
lic
hea
lth
sta
nda
rds
and
cri
ter
ia
applicable for each jurisdiction;
To
add
res
s t
he
occ
urr
enc
e a
nd
the
rel
eva
nce
of
ﬁv
e p
rio
rit
y c
hem
ica
ls
in
dri
nki
ng
wat
er
at t
he
sel
ect
ed
loc
ati
ons
: b
enz
ene
, l
ead
, a
lum
inu
m,
chl
oro
for
m a
nd
tri
hal
ome
tha
ne
in
ter
ms
of
the
hea
lth
sta
nda
rds
pre
val
ent
in
oth
er
jur
isd
ict
ion
s (
e.g.
Eur
ope
, W
HO
)
and
any
imp
lic
ati
ons
for
the
hea
lth
of
the
hu
ma
n p
opu
lat
ion
and
the
tec
hno
log
y c
urr
ent
ly
use
d t
o
ren
der
ra
w w
ate
r p
ota
ble
.
Nit
rat
e c
onc
ent
rat
ion
s m
ay
als
o b
e c
ons
ide
red
, i
f
app
rop
ria
te,
fol
low
ing
the
con
tra
cto
r’s
ini
tia
l r
evi
ew
of
the
lit
era
tur
e.
 
 1.3 TEAM
The following persons from the University of Windsor have participated in
preparing this report:
J.K. Bewtra, Ph.D., P.Eng., Professor;
N.Biswas, Ph.D., P.Eng., Associate Professor,
Y.M. Xie, Visiting Research Scholar;
P.
He
ns
ha
w,
M.A
.Sc
.,
P.E
ng.
, G
rad
uat
e S
tud
ent
;
A. McCorquodale, Undergraduate Student.
2.0
IN
FO
RM
AT
IO
N
AN
D
DA
TA
CO
LL
EC
TI
ON
A
ser
ies
of
ste
ps
wer
e
ini
tia
ted
to
col
lec
t n
ece
ssa
ry
inf
orm
ati
on
an
d d
ata
required to meet the objectives of this study.
2.1 SOURCES
The sources screened for this study included:
- Ma
kin
g c
ont
act
s d
irec
tly
or t
hro
ugh
the
UC
to o
bta
in
raw
and
trea
ted
wat
er
quality data from the selected communities;
0 R
evi
ewi
ng
ann
ual
repo
rts
on
wat
er
qual
ity
pub
lis
hed
by
gov
ern
men
t a
gen
cie
s,
such as the Ontario Ministry of the Environment;
- Re
vie
win
g li
tera
ture
(jou
rnal
s, r
epor
ts,
book
s, m
anua
ls),
part
icul
arly
pub
lic
ati
ons
of t
he
Ame
ric
an
Wat
er
Wor
ks
Ass
oci
ati
on,
Uni
ted
Stat
es
Aca
dem
y o
f Sc
ien
ce,
Inte
rnat
iona
l J
oint
Com
mis
sio
n,
Wor
ld
Hea
lth
Org
ani
zat
ion
, o
n h
ealt
h r
isks
ass
oci
ate
d w
ith
sel
ect
ed
prio
rity
che
mic
als
in
drinidng water;
- R
evi
ewi
ng
dri
nki
ng
wat
er
sta
nda
rds
/gu
ide
lin
es
and
rel
ate
d h
eal
th
cri
ter
ia
of
the
Uni
ted
Stat
es
Env
iro
nme
nta
l P
rot
ect
ion
Age
ncy
(US
EPA
),
Hea
lth
and
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 Welfare Canada (HWC), World Health Organization (WHO), and related
Province/States e.g. Ontario Ministry of the Environment (MOE), New York
Commissioner of Health, Wisconsin Department of Natural Resources and
Indiana Environmental Management Board.
2.2 TERMINOLOGY
Various government agencies involved in regulating drinking water quality use
different terminologies. These are briefly described below:
- The USEPA has developed two types of standards for finished water: primary
standards to safeguard human health and secondary standards to preserve the
aesthetic quality of water. The primary drinking water standards are set at
two levels - Maximum Contaminant Levels (MCLs) and Maximum
Contaminant Level Goals (MCLGs). The contaminant concentrations in
secondary standards are termed Secondary Maximum Contaminant Levels
(SMCLs). Both MCLs and SMCLs are enforceable standards whereas the
MCLGs are non-enforceable health goals. However, bOth MCLs and MCLGs
must be proposed at the same time and promulgated simultaneously. The Best
 
Available Technology (BAT) for water treatment to achieve these standards is
also to be speciﬁed for each contaminant for which a MCL is established
(Pontius,1990; Sayer,l988);
. In the United States, individual States may choose to enforce any or all of the
primary and secondary regulations of the USEPA. New York State regulates
drinldng water as the primary agent for the USEPA under Public Health Law
through the State Commissioner of Health. Similarly, Wisconsin and Indiana
regulate drinking water standards under appropriate acts through the
Wisconsin Department of Natural Resources and Indiana Environmental
I
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 Ma
na
ge
me
nt
Bo
ar
d
re
sp
ec
ti
ve
ly
(E
PA
,1
98
8;
En
v.
Re
po
rt
er
,1
98
9)
;
- H
eal
th
an
d W
elf
are
Ca
na
da
(H
WC
) h
as
rec
ent
ly
rev
ise
d t
he
non
-en
for
cea
ble
Gu
id
el
in
es
fo
r C
an
ad
ia
n
Dr
in
ki
ng
Wa
te
r
Qu
al
it
y.
Th
es
e
gu
id
el
in
es
co
nt
ai
n
Ma
xi
mu
m
Ac
ce
pt
ab
le
Co
nc
en
tr
at
io
ns
(M
AC
s)
wh
ic
h,
if
ex
ce
ed
ed
,
ma
y,
pr
od
uc
e
ad
ve
rs
e
he
al
th
eff
ect
s,
In
te
ri
m
Ma
xi
mu
m
Ac
ce
pt
ab
le
Co
nc
en
tr
at
io
ns
(I
MA
C)
for
su
bs
ta
nc
es
wi
th
in
su
fﬁ
ci
en
t
to
xi
co
lo
gi
ca
l d
at
a
an
d
Ae
st
he
ti
c
Ob
je
ct
iv
es
(A
0)
fo
r
ae
st
he
ti
c
ch
ar
ac
te
ri
st
ic
s.
Ob
je
ct
iv
e
co
nc
en
tr
at
io
ns
ar
e
set
at
a
le
ve
l
wh
ic
h
is
th
e
ul
ti
ma
te
qu
al
it
y
go
al
fo
r
bo
th
he
al
th
an
d
ae
st
he
ti
c
pu
rp
os
es
.
In
th
e
pr
ev
io
us
gu
id
el
in
es
,
H
W
C
ha
d
re
co
mm
en
de
d
go
al
s
for
ce
rt
ai
n
se
le
ct
ed
ch
em
ic
al
s
(H
WC
,1
97
8)
bu
t
thi
s
ca
te
go
ry
wa
s
el
im
in
at
ed
in
th
e
ne
w
gu
id
el
in
es
(H
WC
,1
98
9)
;
-
Th
e
Br
it
is
h
No
rt
h
Am
er
ic
an
Ac
t
gi
ve
s
On
ta
ri
o
th
e
au
th
or
it
y
to
le
gi
sl
at
e
qu
al
it
y
of
dr
in
ki
ng
wa
te
r
th
ro
ug
h
th
e
Mi
ni
st
ry
of
th
e
En
vi
ro
nm
en
t
(M
OE
).
Th
e
On
ta
ri
o
Dr
in
ki
ng
Wa
te
r
Ob
je
ct
iv
es
co
nt
ai
n
Ma
xi
mu
m
Ac
ce
pt
ab
le
Co
nc
en
tr
at
io
ns
(M
AC
S)
fo
r
pa
ra
me
te
rs
th
at
ca
us
e
kn
ow
n
or
su
sp
ec
te
d
ad
ve
rs
e
he
al
th
eff
ect
s
an
d
Ma
xi
mu
m
De
si
ra
bl
e
Co
nc
en
tr
at
io
ns
(M
DC
s)
fo
r
pa
ra
me
te
rs
tha
t a
re
ae
st
he
ti
ca
ll
y o
bj
ec
ti
on
ab
le
or
int
erf
ere
wi
th
go
od
wa
te
r
qu
al
it
y
control (MOE,1984);
- T
he
Wo
rl
d
He
al
th
Or
ga
ni
za
ti
on
(W
HO
)
ha
s
pr
op
os
ed
Gu
id
el
in
es
fo
r D
ri
nk
in
g
Wa
te
r Q
ua
li
ty
wh
ic
h
are
in
te
nd
ed
for
use
by
dif
fer
ent
cou
ntr
ies
as
a
bas
is
for
de
ve
lo
pm
en
t
of
st
an
da
rd
s
to
en
su
re
th
e
sa
fe
ty
of
th
e
dr
in
ki
ng
wa
te
r
sup
pl
ie
s.
Th
e
gui
del
ine
s p
ut
for
th
are
not
sta
nda
rds
(W
HO
,1
98
4)
;
Th
e
Eu
ro
pe
an
Ec
on
om
ic
Co
mm
un
it
y
(E
EC
)
ha
s d
ev
el
op
ed
a s
et
of
sta
nda
rds
for
dr
in
ki
ng
wa
te
r f
or
all
its
me
mb
er
cou
ntr
ies
. T
he
sta
nda
rds
ad
dr
es
s b
ot
h
enf
orc
eab
le
Ma
xi
mu
m
Adm
iss
ibl
e C
onc
ent
rat
ion
s (
MA
CS
)
an
d
non-enforceable Guide Levels (Sayer,1988).
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3.0 HUMAN HEALTH RISKS ASSOCIATED WITH SELECTED PRIORITY
CHEMICALS
The procedures used by different organizations in setting drinking water
standards are reviewed in this section. The National Research Council (NRC) through
its Safe Drinking Water Committee, has so far produced nine volumes of Drinking
Water and Health (NRC,1980-89). This Committee has been a pioneer in identifying
the t
oxico
logic
al ef
fects
of co
ntam
inan
ts o
n hu
man
healt
h an
d ass
essin
g ass
ociat
ed
risk. On the other hand, the USEPA has developed most elaborate procedures to set
standards through their Ofﬁce of Drinking Water (EPA,1990).
The MCLGs established by the USEPA are set at a level at which "no known
or
anti
cipa
ted
adv
ers
e ef
fect
s o
n t
he
heal
th o
f pe
rso
ns
occ
ur"
and
that
"al
low
an
ade
qua
te
mar
gin
of s
afet
y".
The
US
EP
A h
as
set
gui
del
ine
s f
or c
lass
ifyi
ng
con
tam
ina
nts
bas
ed o
n t
he
wei
ght
of e
vid
enc
e o
f ca
rci
nog
eni
cit
y as
sho
wn
in T
abl
e
3.1 below (Pontius,1990):
TAB
LE
3 .
l -
USE
PA
WE
IG
HT
-O
F-
EV
ID
EN
CE
CRI
TER
IA
FOR
CLASSIFYING CARCINOGENS
C TEGORY CRITERION
A Human Carcinogen (sufficient evidence of
carcinogenicity from epidemiologic studies)
Bl
Pro
bab
le
Hum
an
Car
cin
oge
n
(li
mit
ed
dir
ect
evi
den
ce
of carcinogenicity to humans)
82
Pro
bab
le
Hum
an
Car
cin
oge
n
(su
ffi
cie
nt
evi
den
ce
fr
om
an
im
al
st
ud
ie
s
an
d
in
ad
eq
ua
te
ev
id
en
ce
or
no
data on carcinogenicity to humans)
C
Po
ss
ib
le
Hu
ma
n
Ca
rc
in
og
en
(l
im
it
ed
ev
id
en
ce
fr
om
animal studies; no data for humans)
D
No
t
Cl
as
si
fi
ab
le
be
ca
us
e
of
in
ad
eq
ua
te
ev
id
en
ce
E
No
Ev
id
en
ce
of
Ca
rc
in
og
en
ic
it
y
in
at
le
as
t
tw
o
an
im
al
te
st
s
in
di
ff
er
en
t
sp
ec
ie
s
or
in
bo
th
animal and epidemiologic studies
Based on this evidence, the USEPA Office of Drinking Water uses a
thr
ee-
cat
ego
ry
app
roa
ch
for
sett
ing
MCL
Gs.
The
se
cat
ego
rie
s a
re:
I.
II.
III.
For contaminants with sufﬁcient/strong evidence of carcinogenicity in
humans and animals to warrant regulation as known or probable human
carcinogens, MCLGs are set at zero. Cancer Groups A and B are included
in this category;
For contaminants for which there is equivocal evidence of carcinogenicity
in animals and that are regulated as possible human carcinogens, MCLGs
are based on either (i) Reference Dose (RfD) plus added safety - which is
the preferred approach - or (ii) results of quantitative risk assessment
within cancer risk range of 10'5 to 10°. Cancer Group C is included in this
category;
For substances with insufficient or no evidence of carcinogenicity, MCLGs
are calculated from Rst. Cancer Groups D and E are included in this
category.
The Reference Dose is a "no effect" level for chronic or lifetime exposure to
toxic substances. Available human and animal toxicological data are used to obtain
the highest no—observed-adverse-effect level (NOAEL) in mg/day/kg of body mass.
Then the RfD is calculated as:
RfD = NOAEL / Uncertainty Factor 3.1
The Uncertainty Factor (UF) accounts for differences in response to toxicity within the
human population and between humans and animals. Its value ranges between 10 and
1000, depending primarily on the strength of data available. The Drinking Water
Equivalent Level (DWEL) in mg/L represents a lifetime exposure at which adverse
effects are not anticipated to occur, assuming 100 percent exposure from drinking
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II
=
I-
II
V
II
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II
V
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water. The DWEL is calculated as:
RfD x Body Mass (kg)
DWEL (mg/L) = 3.2
Drinking Water Volume Used (L/d)
The
USE
PA
uses
a bo
dy
mass
of 70
kg a
nd d
rinki
ng w
ater
cons
umpt
ion
of 2
L/d.
For
mos
t co
ntam
inan
ts r
egul
ated
unde
r Ca
tego
ry 1
11, i
t is
ass
ume
d th
at 2
0 %
of
the dose is contributed through drinking water. Therefore,
MC
LG
= D
WE
L x
0.2
3.3
For Category II contaminants, two options are considered:
(i)
If s
ufﬁc
ient
data
are
avai
labl
e, M
CLG
s a
re c
alcu
late
d ba
sed
on
RfD
plus
an
addi
tion
al
UF
of
1 to
10
to a
cco
unt
for
the
evi
den
ce
of p
oss
ibl
e
carcinogenicity; otherwise,
(ii)
MC
LG
s
are
cal
cul
ate
d b
ase
d o
n
a l
ife
tim
e r
isk
of
10'
5 t
o 1
06.
A
ris
k o
f
10‘5
mea
ns
tha
t 1
add
iti
ona
l c
anc
er
wil
l o
ccu
r i
n 1
00
000
peo
ple
bec
aus
e o
f
the
pre
sen
ce
of
this
con
tam
ina
nt
in
wat
er.
The
dos
e-r
esp
ons
e d
ata
are
use
d
to
cal
cul
ate
dri
nki
ng
wat
er
con
cen
tra
tio
n b
ase
d o
n
ris
k l
eve
l,
bo
dy
ma
ss
and daily drinking water consumption.
Th
e M
CL
s
mu
st
be
set
as
clo
se
as
fea
sib
le
to
the
ir
res
pec
tiv
e M
CL
Gs
wit
h t
he
use
of
the
bes
t a
vai
lab
le
tec
hno
log
y (
BA
T)
, t
aki
ng
cos
ts
int
o c
ons
ide
rat
ion
.
Ev
en
if
MC
LG
s
are
set
at
zer
o,
MC
Ls
for
the
se
con
tam
ina
nts
can
not
be
zer
o,
bec
aus
e z
ero
is
nei
the
r
me
as
ur
ab
le
no
r
ac
hi
eva
bl
e
usi
ng
an
y B
AT
.
Th
e
res
ult
ing
MC
Ls
for
Ca
te
go
ry
I
co
nt
am
in
an
ts
no
rm
al
ly
fal
l w
it
hi
n
th
e r
ela
tiv
e
ris
k o
f
10
“
to
10
°.
Fo
r g
uid
eli
ne
val
ues
for
or
ga
ni
c s
ubs
tan
ces
tha
t a
re
ca
rc
in
og
en
ic
or
su
sp
ec
te
d
to
be
ca
rc
in
og
en
ic
, W
H
O
us
es
a r
isk
of
les
s
th
an
1 a
dd
it
io
na
l c
as
e
of
ca
nc
er
pe
r
10
0
00
0
po
pu
la
ti
on
,
as
su
mi
ng
a
co
ns
um
pt
io
n
of
2
L/
d
of
dr
in
ki
ng
wa
te
r
by
a
70
kg
pe
rs
on
.
Fo
r
in
or
ga
ni
c
ch
em
ic
al
s,
the
ap
pr
oa
ch
is
si
mi
la
r
to
tha
t
us
ed
by
th
e‘
US
EP
A.
Th
e
Sa
fe
Dr
in
ki
ng
Wa
te
r
Co
mm
it
te
e
of
NR
C
pu
ts
for
th
su
gg
es
te
d
no
-
 adv
ers
e-r
esp
ons
e l
eve
l (
SN
AR
L)
for
chr
oni
c t
oxi
cit
y,
bas
ed
on
the
ass
ump
tio
n t
hat
20
%
of
the
int
ake
wa
s
der
ive
d f
rom
dri
nki
ng
wat
er.
An
UF
of
10
to
100
0 i
s u
sed
in
the
cal
cul
ati
ons
. W
he
n
the
re
is
evi
den
ce
of
car
cin
oge
nic
ity
in
one
or
mo
re
ani
mal
spe
cie
s,
nu
me
ri
ca
l r
isk
est
ima
te
is
ma
de
to
est
abl
ish
the
gui
del
ine
s
for
tha
t
con
tam
ina
nt
in
wat
er.
A
ris
k o
f 1
in
100
000
whi
le
con
sum
ing
1 L
of
dri
nki
ng
wat
er
per day by a 70 kg person is employed.
The
adv
ers
e h
eal
th
and
aes
the
tic
eff
ect
s o
f s
ele
cte
d c
hem
ica
ls
and
the
crit
eria
use
d b
y d
iffe
rent
org
ani
zat
ion
s to
esta
blis
h d
rin
kin
g w
ate
r s
tan
dar
ds
are
described below:
3.1 BENZENE
Ben
zen
e i
s a
pet
rol
eum
and
coa
l b
y~p
rod
uct
.
It i
s wi
del
y u
sed
in l
arge
quan
titi
es a
s a
solv
ent,
as a
n a
ddit
ive
in g
aso
lin
e a
nd
as a
n i
nte
rme
dia
te
in
syn
the
siz
ing
man
y o
rga
nic
che
mic
als
.
It i
s hi
ghl
y vo
lati
le
and
eva
por
ate
s r
api
dly
fro
m
water.
Ben
zen
e p
rodu
ces
tast
e in
wate
r at
leve
ls o
f 0.
5 to
4.5
mg/L
. I
n ch
lori
nate
d
water
, its
taste
level
thres
hold
is lo
wer.
In th
e US
SR,
the r
ecom
mend
ed l
evel
of
benz
ene
in d
rink
ing
wate
r ba
sed
on
tast
e is
0.5
mg/
L.
How
eve
r,
benz
ene
has
been
plac
ed i
n Ca
tego
ry I
by t
he U
SEP
A a
nd i
s co
nsid
ered
to b
e ca
rcin
ogen
ic t
o hu
man
bein
gs.
Acu
te e
ffec
ts i
n hu
man
bein
gs i
nclu
de n
ause
a, g
iddi
ness
and
head
ache
s wh
ile
chro
nic
expo
sure
has
bee
n re
port
ed t
o pr
oduc
e th
romb
ocyt
open
ia,
leuc
open
ia,
ana
emi
a
and
leu
kae
mia
.
Alt
hou
gh
som
e a
nim
al
stud
ies
are
equ
ivo
cal
, t
he e
vid
enc
e f
or
ben
zen
e
indu
cing
leuk
aemi
a in
huma
ns i
s str
ong.
Ther
e is
also
evid
ence
sugg
esti
ng th
at
benzene can be mutagenic, inducing chromosomal alterations.
Bas
ed
on
the
car
cin
oge
nic
ity
dat
a av
aila
ble,
the
US
EP
A h
as
cat
ego
ris
ed
ben
zen
e i
n C
anc
er
GrO
up
A (
Tab
le
3.1
) an
d t
here
fore
has
set
the
MC
LG
at z
ero.
10
M
I
I
I
I
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However, considering the BAT and cost, the MCL has been set at 5 ug/L. The WHO
has recommended the guideline for benzene at 10 ug/L, baSEd on 8 “SK 0f 1 in 100
000
(WH
O,1
984
).
The
Can
adi
an G
uide
line
s r
eco
mme
nd
a M
AC
of 5
ug/L
bas
ed
7 .
can
cer
risk
of
10's
to
10'6
(HW
C,l
989
).
i’
M
M
i
l
k
y
-
X
L
,
k
3.2 LEAD ~
Lead is a metal which has been suspected as a poison since ancient times but
death due to lead poisoning is rare. The symptoms of acute lead poisoning include
vomiting, haemolysis, liver damage and reversible tubular necrosis.The amount of lead
in th
e bo
dy is
usual
ly qu
anti
ﬁed
in te
rms o
f blo
od l
ead l
evel
(Pb-
B) w
ith
units
of
ug/dL.
The
USE
PA
had
set
the
NOA
EL
for
lead
in t
he b
lood
stre
am a
t 15
ug/d
L fo
r
chi
ldr
en
and
25
ug/
dL
for
adul
ts
in o
-rde
r to
pre
ven
t in
hibi
tion
of h
eme
synt
hesi
s
which can occur at 10 ug/dL Pb-B and neurological disorders which manifest
the
mse
lve
s at
15-
20
ug/
dL
in c
hil
dre
n a
nd
at 2
5-3
0 u
g/d
L i
n ad
ults
. S
inc
e 2
0 to
50
%
of
ing
est
ed l
ead
is a
bso
rbe
d,
the
US
EP
A h
as c
alc
ula
ted
the
acc
ept
abl
e d
aily
inta
ke
of
lea
d f
or
adu
lts
and
chi
ldr
en
as
48
and
19
ug/
L r
esp
ect
ive
ly.
Thu
s 1
9 u
a/L
is
con
sid
ere
d t
o be
an
acc
ept
abl
e da
ily
inta
ke f
or b
oth
gro
ups
.
Con
sid
eri
ng
that
15 %
of
ing
est
ed
lea
d c
ome
s f
rom
wat
er,
the
MC
LG
for
lea
d h
as
bee
n c
alc
ula
ted
as
0.1
5 x
19
= 3
ug/
L (
EPA
,19
84)
.
The
US
EP
A h
as
rec
ent
ly
est
abl
ish
ed
the
MC
LG
for
lea
d a
t z
ero
bec
aus
e i
t is
cla
ssi
ﬁed
as
bel
ong
ing
to
Ca
nc
er
Gr
ou
p
BZ
(Ta
ble
3.1
).
A
Cat
ego
ry
I a
ppr
oac
h h
as
bee
n u
sed
in
set
tin
g
sta
nda
rds
.
Unt
il
rec
ent
ly,
all
reg
ula
tor
y a
nd
adv
iso
ry
age
nci
es
had
set
the
acc
ept
abl
e l
eve
l
for
lea
d i
n d
rin
kin
g w
ate
r a
t 5
0 u
g/L
so
as
not
to
exc
eed
the
re
co
mm
en
de
d m
ax
im
um
int
ake
of
3 m
g/
we
ek
fr
om
all
sou
rce
s (
WH
O,
19
77
).
Ho
we
ve
r,
the
US
EP
A
has
pr
op
os
ed
to
lo
we
r t
his
lev
el
to
5
ug
/L
eff
ect
ive
the
mi
dd
le
of
19
91
an
d H
ea
lt
h a
nd
  
 \ .
i
Welfare Canada proposing a MAC of 10 ug/L. In addition, the USEPA is
reco
mmen
ding
a spe
ciﬁc
trea
tmen
t te
chno
logy
to mi
nimi
ze t
he le
ad le
vel a
t the
tap.
The
lead
conc
entr
atio
n at
the
tap
may
be h
ighe
r th
an t
hat
of t
he w
ater
leav
ing
the treatment plant. "Aggressive" waters dissolve leadfrom lead plumbing and
lead
-sol
dere
d jo
ints
. P
lum
bso
lve
ncy
incr
ease
s wi
th d
ecre
asin
g pH
, de
crea
sing
calc
ium
concentration and increasing temperature (WI-10,1984).
3.3 ALUMINUM
Aluminum is an engineering material and is also used for food and beverage
packing. Aluminum sulfate is added in the treatment of drinking water to coagulate
the turbidity in raw water prior to sedimentation and ﬁltration. Although the aluminum
level in treated water ranges from <0.0l to 2 mg/L, levels above 0.3 mg/L usually
reﬂect faults in the coaguladon. sedimentation or filtration processes (WI-10,1984).
About 5 % of aluminum is absorbed by the gut if it is administered as
aluminum hydroxide or aluminum carbonate. Aluminum phosphate is not absorbed.
Aluminum is considered to have an effect on brain tissue. Two studies have
found elevated aluminum levels in brains of patients who had died of Alzheimer’s
disease (NRC,1982). Recently, a study of 4100 people aged 40-69 revealed that those
who drank water with an aluminum concentration greater than 0.11 mg/L had a 50 %
greater chance of developing Alzheimer’s disease over those whose water contained
less than 0.01 mg/L. In addition, there was a gradient of risk associated with
increasing concentrations of aluminum (Martyn et al.,1989). The critics of this study
argue that aluminum may enter the drinking water from hot water heaters
(Brenner,1989), or pots (Jackson et al.,l989), or by increased absorption of aluminum
due to low silicic acid concentrations (Birchall and Chappell,l989).
Aluminum is known to affect chronic dialysis patients. In one study, 13
12
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patients experienced "dialysis dementia" with some symptoms similar to those found
in A
lzh
eim
er’
s pa
tien
ts.
Thi
s o
ccu
rre
d t
hree
mon
ths
afte
r th
e w
ate
r s
uppl
ier
had
adop
ted
alu
min
um
sulf
ate
in i
ts w
ater
trea
tmen
t an
d al
umi
num
leve
ls i
n th
e fi
nish
ed
water had increased by 0.15 mg/L (NRC,1982).
At present. there are no drinking water standards for aluminum based on
adverse health effects. A seven-day no-adverse-response level of 5.0 mg/L in water
has been set based on the lethal dose for rats. This level can not be reached in water
of normal pH as it exceeds the solubility (NRC,1982). The WHO considered
alu
min
um
in w
ater
to b
e no
n-to
xic
and
set
a gu
idel
ine
of 0
.2 m
g/L
. A
lum
inu
m ox
ides
prec
ipit
ate
in w
ater
pipe
s an
d m
ay
be d
istu
rbed
by a
sudd
en c
han
ge i
n fl
ow r
ate
Are
sul
tin
g in
disc
olou
rati
on o
f th
e ta
p wa
ter.
This
usua
lly
occu
rs i
f the
alu
min
um
conc
entr
atio
n is
grea
ter
than
0.1
mg/
L (
WHO
,19
84)
. S
imil
arly
, th
e U
SEP
A h
as s
et a
SMC
L f
or a
lum
inu
m in
drin
king
wate
r at
0.05
mg/
L ba
sed
on a
esth
etic
reas
ons.
The
US
EP
A i
s cu
rre
ntl
y d
eve
lop
ing
a he
alth
crit
erio
n d
ocu
men
t f
or a
lum
inu
m a
nd
has
inc
lud
ed
it i
n th
e D
rin
kin
g W
ate
r P
rior
ity
List
of c
ont
ami
nan
ts
that
may
requ
ire
regu
lati
ons.
Simi
larl
y, H
WC
has
inc
lud
ed
it i
n th
e li
st o
f ch
emi
cal
s f
or w
hic
h t
he
guidelines are being developed.
If t
he a
lum
inu
m i
s re
gul
ate
d in
nea
r f
utur
e b
ase
d o
n i
ts a
dve
rse
heal
th e
ffec
ts,
it is
exp
ect
ed
that
the
sta
nda
rd
will
be
set
clos
e [
93
:1
9
The
anal
ysis
tec
hni
que
s
and
ava
ila
ble
tec
hno
log
y m
ay
be
the
con
tro
lli
ng
fac
tor
s.
. “a
y
w I '4' 3
3.4
CH
LO
RO
FO
RM
£,_,
V
Ch
lo
ro
fo
rm
is
on
e o
f t
he
fpd
r t
ype
s-“
Sf
tri
hal
ome
tha
nes
fOu
nd
in
dri
nki
ng
wat
er.
Th
e
con
cen
tra
tio
n
ass
oci
ate
d
wit
h
ind
ivi
dua
l l
ife
tim
e e
xc
es
s c
an
ce
r
ris
k r
ate
of
10
5
is
8
ug
/L
(W
I-
10
,1
98
4;
La
pp
en
bu
sh
,l
98
6,
19
88
).
Co
ns
id
er
in
g
its
car
cin
oge
nic
ity
to
an
im
al
s
an
d p
ro
ba
bl
e t
oxi
cit
y t
o h
um
an
s,
the
US
EP
A
has
cla
ssi
ﬁed
it
as
be
lo
ng
in
g
to
 
  
Ca
nc
er
Gr
ou
p
82
an
d h
as
lis
ted
it f
or
reg
ula
tio
n.
Th
e
WH
O
has
est
abl
ish
ed
its
gui
del
ine
s a
t 3
0 u
g/L
so
as
not
to
co
mp
ro
mi
se
the
dis
inf
ect
ion
pro
ces
s a
nd
the
US
EP
A
is
in
the
pr
oc
es
s o
f s
ett
ing
bo
th
a M
CL
G
an
d
MC
L
for
ch
lo
ro
fo
rm
in
dr
in
ki
ng
wat
er.
Th
e
NR
C,
WH
O
an
d U
SE
PA
con
sid
er
tha
t t
he
con
cen
tra
tio
n s
hou
ld
be
red
uce
d t
o a
lev
el
as
lo
w
as
re
as
on
ab
ly
ac
hi
ev
ab
le
de
pe
nd
in
g
on
the
qua
lit
y o
f t
he
ra
w
wat
er,
wit
hou
t c
om
pr
om
is
in
g t
he
dis
inf
ect
ion
pro
ces
s.
Fur
the
r d
isc
uss
ion
on
chl
oro
for
m i
s
in
cl
ud
ed
in
the
fo
ll
ow
in
g
sec
tio
n o
n
tri
hal
ome
tha
nes
.
3.5 TRIHALOMETHANES
Tr
ih
al
om
et
ha
ne
s
(T
HM
s)
are
fo
rm
ed
du
ri
ng
wa
te
r
tr
ea
tm
en
t w
he
n
the
fre
e
chl
ori
ne
us
ed
as
a d
isi
nfe
cta
nt
co
mb
in
es
wi
th
nat
ura
l p
rec
urs
ors
pre
sen
t i
n r
aw
wat
er.
Th
e
co
nc
en
tr
at
io
n o
f T
HM
s
de
pe
nd
s
up
on
the
rea
cti
on
tim
e,
tot
al
or
ga
ni
c
ca
rb
on
pre
sen
t,
pH
,
te
mp
er
at
ur
e a
nd
chl
ori
ne
dos
e.
Th
e
co
mm
on
pre
cur
sor
s
in
Gr
ea
t
La
ke
s
wa
te
r a
re
be
hu
mi
c
an
d f
ulv
ic
aci
ds,
alg
al
bi
om
as
s
an
d a
lga
l e
xcr
eti
ons
(S
al
am
eh
,1
98
7;
Ma
rt
in
,l
98
4;
Nei
l,l
989
).
It
has
be
en
rep
ort
ed
tha
t a
lga
l
sub
st
an
ce
s
inc
rea
se
the
pot
ent
ial
of
TH
M
for
mat
ion
.
In
eut
ro
ph
ic
lak
e w
ate
r,
CO
2
is
co
ns
um
ed
by
the
alg
ae,
th
er
eb
y i
ncr
eas
ing
the
pl}
.
Fu
rt
he
rm
or
e,
du
ri
ng
wa
te
r t
rea
tme
nt,
hi
gh
er
am
ou
nt
s
of
chl
ori
ne
are
ne
ed
ed
to
con
tro
l a
lga
l a
cti
vit
ies
an
d
gr
ow
th
.
Bo
th
an
inc
rea
se
in
pH
an
d a
hig
her
chl
ori
ne
dos
e i
ncr
eas
e t
he
TH
M
for
min
g p
ote
nti
al
(T
HM
FP
)
(Ne
il,
l98
9;
Sal
ame
h,1
987
).
Th
er
e i
s m
or
e
em
ph
as
is
pla
ced
on
TH
MF
P
tha
n o
n a
ctu
al
TH
M
con
cen
tra
tio
n i
n t
rea
ted
wat
er.
Mo
st
rec
ent
ly,
pro
lif
era
tio
n o
f z
eb
ra
mu
ss
el
s
ha
s b
ee
n
re
po
rt
ed
in
the
Gr
ea
t
La
ke
s
Sy
st
em
.
It
is
be
li
ev
ed
tha
t t
he
ze
br
a m
us
se
ls
en
co
ur
ag
e
the
gr
ow
th
of
alg
ae
in
lak
e w
ate
r b
y r
edu
cin
g t
he
am
ou
nt
of
sus
pen
ded
imp
uri
tie
s a
nd
inc
rea
sin
g t
he
pen
etr
ati
on
of
sun
lig
ht.
Als
o,
the
mo
st
co
mm
on
me
th
od
us
ed
to
con
tro
l z
eb
ra
mu
ss
el
s
is
th
e
ad
di
ti
on
of
ch
lo
ri
ne
.
Co
ns
eq
ue
nt
ly
,
th
e T
HM
FP
in
la
ke
wa
te
r
wil
l
in
cr
ea
se
wi
th
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time. It is also expected that an increased algal concentration with an increase in
chlorine dose will result in a more frequent occurrence of objectionable taste and
odour in drinking water (MOE.1988). Last summer, residents of Windsor had
complained about the unpalatable taste and odour in their,drinking water.
Generally, THMs are a group of chemicals cfisistihlggéChlorofom,
Bromodichloromethane, Bromoform and Chlorodibromomethane. The USEPA has
classified the first three chemicals as belonging to Cancer Group 82 and the last one
in Cancer Group C. All four are listed separately for regulation. The main health
effect of THMs is as central nervous system depressants. Epidemiological studies
have shown an association between the incidences of 16 different cancers and the
levels of THMs in drinking water (WHO,1984). Statistical assessments of risks have
been attempted using mathematical models and they indicate that the excess risk for
lifet
ime e
xpos
ure
at 10
0 ug
/L w
ould
be o
f the
order
of 1
0“ to
10°
(Mart
in,l9
85).
The
USE
PA
is p
repa
ring
a ru
le f
or d
isin
fect
ants
and
disi
nfec
tion
bypr
oduc
ts
(D-
DBP
).
Prom
ulga
tion
of t
he r
ule
is p
lann
ed f
or 1
992.
It is
anti
cipa
ted
that
the
new
MCL
for T
HMs
will
be b
etwe
en 2
5 an
d 50
ug/L
and
appro
priat
e BA
T wi
ll be
listed
.
The
key
poin
ts o
f D-
DBP
STR
AW
rule
s pr
esen
ted
by t
he U
SEP
A a
t a
publ
ic m
eeti
ng
in December, 1989 are shown in Table 3.2 (EPA,1990).
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 TA
BL
E
3.
2-
EX
TR
AC
TS
FR
OM
ST
RA
W
RU
LE
S
PR
OP
OS
ED
BY
US
EP
A
FO
R
THMs
A.
M
C
L
s
fo
r
th
e
f
o
l
l
o
w
i
n
g
:
To
ta
l
Tr
ih
al
om
et
ha
ne
s
(T
TH
MS
)
C
h
l
o
r
i
n
e
a
n
d
c
h
l
o
r
a
m
i
n
e
[
’
1
1
L
i
s
t
B
e
s
t
A
v
a
i
l
a
b
l
e
T
e
c
h
n
o
l
o
g
i
e
s
:
1.
Pr
ec
ur
so
r
re
mo
va
l
(5
0
%
re
mo
va
l
of
TT
HM
FP
)
us
in
g:
‘
Co
nv
en
ti
on
al
tr
ea
tm
en
t
mo
di
fi
ca
ti
on
s
-
Gr
an
ul
ar
Ac
ti
va
te
d
Ca
rb
on
up
to
30
mi
nu
te
s
em
pt
y
be
d
co
nt
ac
t
ti
me
an
d
3
mo
nt
hs
re
ge
ne
ra
ti
on
°
GA
C
is
no
t
un
iv
er
sa
ll
y
fe
as
ib
le
du
e
to
wa
te
r
quality conditions
2.
TT
HM
MC
L
of
25
ug
/L
is
th
e
lo
we
st
th
at
al
lo
ws
c
o
n
t
i
n
u
o
u
s
us
e
of
fr
ee
c
h
l
o
r
i
n
e
C.
L
e
a
d
o
p
t
i
o
n
s
ar
e:
l.
M
C
L
s
fo
r
T
T
H
M
s
of
50
u
g
/
L
or
25
u
g
/
L
3.6 NITRATES
Th
e
ma
jo
r
so
ur
ce
s
of
ni
tr
at
e
co
nt
am
in
at
io
n
of
dr
in
ki
ng
wa
te
r
ar
e
mu
ni
ci
pa
l
an
d
in
du
st
ri
al
wa
st
ew
at
er
di
sc
ha
rg
es
,
se
pt
ic
ta
nk
sy
st
em
s,
an
d
le
ac
ha
te
fr
om
an
im
al
fe
ed
lo
ts
an
d
re
fu
se
du
mp
s.
In
sp
it
e
of
th
ei
r
ma
ny
so
ur
ce
s,
ni
tr
at
es
se
ld
om
oc
cu
r
at
ex
ce
ss
iv
e
co
nc
en
tr
at
io
ns
in
su
rf
ac
e
wa
te
rs
be
ca
us
e
th
ey
ar
e
es
se
nt
ia
l
nu
tr
ie
nt
s
fo
r
al
l
types of aquatic plants and biota.
Ni
tr
at
es
ca
n
ca
us
e
me
th
ae
mo
gl
ob
in
em
ia
in
in
fa
nt
s.
No
ca
se
s
of
me
th
ae
mo
gl
ob
in
em
ia
ha
ve
be
en
pr
ov
ed
co
nc
lu
si
ve
ly
to
be
ca
us
ed
by
th
e
co
ns
um
pt
io
n
of
wa
te
r
co
nt
ai
ni
ng
le
ss
th
an
10
mg
/L
of
ni
tr
at
e-
N
an
d
th
er
e
ar
e
ma
ny
ex
am
pl
es
wh
er
e
ni
tr
at
e
co
nc
en
tr
at
io
ns
up
to
20
mg
/L
ha
ve
no
t
pr
od
uc
ed
an
y
cl
in
ic
al
ef
fe
ct
s
in
in
fa
nt
s.
Th
e
W
H
O
,
US
EP
A,
N
R
C
an
d
H
W
C
al
l
sp
ec
if
y
th
at
to
ta
l
ni
tr
at
e
pl
us
ni
tr
it
e
ni
tr
og
en
in
dr
in
ki
ng
wa
te
r
sh
ou
ld
no
t e
xc
ee
d
10
mg
/L
as
N.
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4.0 DRINKH‘IG WATER STANDARDS FOR SELECTED PRIORITY CHEMICALS
Most of the industrialized countries in North America and Europe have
developed enforceable mandatory drinking water standards to ensure the integrity of
public water supplies. In addition, more stringent long term goals have been
recommended. Table 4.1 shows both the enforceable standards and recommended
goals for the seleCted priority chemicals as adopted by the USEPA, relevant States.
HWC
, MO
E, W
HO,
and
EEC.
It is
obvi
ous
that
there
is a
rema
rkab
le d
egre
e of
agr
eem
ent
in t
he
leve
ls a
t w
hic
h e
ach
che
mic
al
is r
egul
ated
.
How
eve
r,
rec
ogn
izi
ng
the
dele
teri
ous
heal
th e
ffec
ts o
f m
any
con
tam
ina
nts
, b
oth
the
enf
orc
eab
le
sta
nda
rds
and
tre
atm
ent
tec
hno
log
ies
hav
e
bee
nmo
dif
ied
in
rec
ent
yea
rs
or
are
in
the
pro
ces
s o
f
rev
iew
.
The
sig
nif
ica
nce
of
dev
iat
ion
s i
n c
ert
ain
lev
els
are
dis
cus
sed
bel
ow.
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1
-
CU
RR
EN
T
DR
IN
KI
NG
WA
TE
R
ST
AN
DA
RD
S/
GO
AL
S
FO
R
TH
E
SE
LE
CT
ED
PR
IO
RI
TY
CH
EM
IC
AL
S
PA
RA
ME
TE
R
HW
C
MO
E
US
EP
A
ST
AT
ES
a
WH
O
EE
C
GU
ID
E-
MA
C
MC
L
MC
LG
MC
L
GU
ID
E-
MA
C
GL
LI
NE
S
LI
NE
S
BE
NZ
EN
E
5
V/
NS
5
0
5
10
NS
(ug/L)
LE
AD
’0
70
5‘
17
0.
05
0.
05
0
0.
05
0.
05
0.
05
(mg/L) (0.01)d (0.005):1
AL
UM
IN
UM
NS
“
NS
0.0
5f
NS
0.
2
0.2
0.
05
(m
g/
L)
(S
MC
L)
V
CH
LO
RO
FO
RM
NS
1\
NS
ng
_
Ns
0.
03
NS
(mg/L) (0 ow
V
TH
M
0.
35
g
0.
35
g
0.
10
g
0.
10
g
0.
03
c
0.
00
1
(
m
g
/
L
)
(
;
;
:
A
NI
TR
AT
ES
10
.0
.
10
.0
10.
0e
10
.0
e
10
.0
10
.0
50h
25“
(mg/L as N)
NS
=
No
St
an
da
rd
;
a
=
Wi
sc
on
si
n,
In
di
an
a,
Ne
w
Yo
rk
;
b
=
Te
nt
at
iv
e;
c
=
fo
r
ch
lo
ro
fo
rm
on
ly
;
d
=
Pr
op
os
ed
,
fi
na
l
ad
op
ti
on
in
ne
ar
fu
tu
re
;
e
=
In
cl
ud
es
ni
tr
it
es
as
N;
f
Pr
op
os
ed
SM
CL
,
fi
na
l
ad
op
ti
on
in
ne
ar
fu
tu
re
;
g
Un
de
r
re
vi
ew
;
h
=
mg
/L
as
ni
tr
at
es
I
I
I
I
BE
NZ
EN
E:
Be
nz
en
e
is
car
cin
oge
nic
an
d i
t i
s e
xpe
cte
d t
hat
all
reg
ula
tor
y a
gen
cie
s
wil
l a
dop
t 0
to
5 u
g/L
as
a s
tan
dar
d b
ase
d o
n a
vai
lab
le
tre
atm
ent
tec
hno
log
y a
nd
the
wmwmmmaﬁmbwwmmmmm.
LE
AD
:
Alt
hou
gh
unt
il
rec
ent
ly
lea
d h
as
bee
n r
egu
lat
ed
at
50
ug/
L,
bot
h C
ana
dia
n a
nd
the
US
gov
ern
men
ts
are
pro
pos
ing
to
low
er
it b
eca
use
of
its
acu
te
tox
ici
ty.
It i
s
exp
ect
ed
tha
t e
ven
tua
lly
lea
d w
ill
be
reg
ula
ted
at
5 u
g/L
at t
he
tap.
Pro
per
rem
ova
l
tec
hno
log
y a
nd
ana
lyt
ica
l t
ech
niq
ues
wil
l h
ave
to
be
dev
elo
ped
to
ach
iev
e t
hat
lev
el.
AL
UM
IN
UM
:
At
pre
sen
t,
alu
min
um
is r
egu
lat
ed
bas
ed
on
aes
the
tic
rea
son
s.
Ho
we
ve
r,
the
re
is
suf
ﬁci
ent
con
cer
n a
bou
t i
ts
adv
ers
e h
eal
th
eff
ect
s a
nd
it i
s e
xpe
cte
d
tha
t w
ith
in
the
nex
t f
ew
yea
rs,
al
um
in
um
wil
l b
e r
egu
lat
ed
as
a t
oxi
c c
hem
ica
l a
nd
its
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ii
i
l
i
i
i
l
l
ﬂ
i
l
l
l
l
l
l
l
level may be set around 5 ug/L.
CHLOROFORM: At present, only WHO has set guidelines for chloroform and these
guidelines are inﬂuenced by the philosophy that chlorination for disinfection should
not be compromised. The USEPA has classified it as a probable carcinogen and will
soon regulate it. It is expected that chloroform will eventually be regulated at 10 to
20ugl.
TRIHALOMETHANES: THMs include several compounds with probable
carcinogenicity to humans. There are considerable variations in levels at which THMs
are regulated in different countries (Table 4.2). The main reasons for these variations
are: (i) their abundance in chlorinated surface waters,(ii) lack of availability of
economical technology, and (iii) lack of acceptable evidence of their carcinogenic
effects. It is expected that in the next one to two years, the USEPA will set standards
for THMs at 25 to 50 ug/L and suggest the BAT and the other countries in the world
will follow the trend. It is difﬁcult to explain why Cganadiannguidelines are out of /
step with therest ofhtheworld.
TABLE 4.2 - THM STANDARDS/GUIDELINES USED BY DIFFERENT
REGULATORY AGENCIES
CANADA /ONTARIO - still allows up to 350 ug/L. In the 1978
Canadian Guidelines, Goal was set at 5 ug/L
(HWC,l978)‘.
1?
D
.4 [
'
1
C - Recommends a desirable value of l ug/L.
SWEDEN — Recommends a desirable level of l ug/L.b
FED
ERA
L R
EPU
BLI
C G
ERM
ANY
- h
as
set
25
ug/
L a
s t
he
lev
el
for
treated water.b
USA
- O
rig
ina
lly
pro
pos
ed
an
int
eri
m p
rim
ary
MCL
of
350
ug/
L.
In
197
9,
it
was
low
ere
d
to
100
ug/
L.
It
is
exp
ect
ed
to
be
low
ere
d
fur
the
r
to
25-
50
ug/
L
in
1992.
a =
HWC
has
dro
ppe
d
Goa
ls
as
a c
ate
gor
y
in
the
new
gu
id
el
in
es
(H
WC
,1
98
9)
;
b
=
(S
al
am
eh
,
198
7)
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NI
TR
AT
ES
:
Th
e
ni
tr
at
es
(i
nc
lu
di
ng
ni
tr
it
es
)
ar
e
cu
rr
en
tl
y
re
gu
la
te
d
at
10
mg
/L
as
N.
5.
0
W
A
T
E
R
TR
EA
TM
EN
T
TE
CH
NO
LO
GI
ES
AV
AI
LA
BL
E
TO
AC
HI
EV
E
STANDARDS
Bo
th
th
e
Un
it
ed
St
at
es
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
an
d
He
al
th
an
d
We
lf
ar
e
Ca
na
da
su
gg
es
t t
rea
tme
nt
me
th
od
s
tha
t c
an
be
us
ed
to
lo
we
r o
r r
em
ov
e
ch
em
ic
al
s t
hat
are
reg
ula
ted
.
Ba
se
d
on
thi
s i
nf
or
ma
ti
on
(E
PA
,1
99
0;
HW
C,
19
89
),
the
ava
ila
ble
te
ch
no
lo
gi
es
tha
t h
av
e
si
gn
iﬁc
an
t i
nﬂ
ue
nc
es
in
con
tro
lli
ng
the
sel
ect
ed
chemicals are listed below:
5.1 BENZENE
Be
nz
en
e
is
a
hi
gh
ly
vol
ati
le
or
ga
ni
c
co
mp
ou
nd
an
d
ca
n
be
si
gn
iﬁ
ca
nt
ly
re
du
ce
d
by
Pa
ck
ed
To
we
r
Ae
ra
ti
on
an
d
Gr
an
ul
ar
Ac
ti
va
te
d
Ca
rb
on
.
Bo
th
PT
A
an
d
GA
C
are
ex
pe
ns
iv
e
tr
ea
tm
en
t m
et
ho
ds
an
d a
re
not
us
ed
in
co
nv
en
ti
on
al
wa
te
r
tr
ea
tm
en
t p
lan
ts.
Bo
th
of
the
se
are
co
ns
id
er
ed
to
be
ec
on
om
ic
al
ly
fea
sib
le.
5.2 LEAD
Th
e
co
nv
en
ti
on
al
co
ag
ul
at
io
n a
nd
li
me
sof
ten
ing
me
th
od
s
ha
ve
be
en
abl
e t
o
kee
p l
ead
lev
els
be
lo
w c
urr
ent
sta
nda
rds
.
Ho
we
ve
r,
for
the
ne
wl
y
pro
pos
ed
sta
nda
rds
,
the
US
EP
A
is
pr
op
os
in
g r
eq
uir
ed
cor
ros
ion
con
tro
l.
Mi
ni
mu
m
co
rr
os
ive
ne
ss
in
wa
te
r
is
ach
iev
ed
by
hol
din
g p
H
ab
ove
8 a
nd
mod
era
tin
g a
lka
lin
ity
an
d h
ard
nes
s (
> 3
0 m
g/
L
as
Ca
C0
3)
(M
or
se
,
198
8).
Th
us
, t
ec
hn
ol
og
y
for
reg
ula
tin
g
lea
d
at
the
pr
op
os
ed
lev
els
already exists and is economically feasible.
Io
n e
xc
ha
ng
e
an
d
rev
ers
e o
sm
os
is
pr
oc
es
se
s c
an
re
du
ce
the
lea
d c
onc
ent
rat
ion
s
to
al
mo
st
zer
o
lev
el,
but
the
se
are
mo
re
ex
pe
ns
iv
e
me
th
od
s
(M
OE
,
198
7).
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5.3 ALUMINUM
Experience with existing water treatment plants that have been using alum as a
coag
ulan
t sh
ows
that
it m
ay
be p
ossi
ble
to k
eep
alu
min
um
leve
ls t
o be
low
0.1
mg/
L
simp
ly b
y go
od c
ontr
ol o
f th
e co
agul
atio
n, ﬂ
occu
lati
on,
sedi
ment
atio
n an
d fi
ltrat
ion
proc
esse
s (W
HO.
198
4).
How
eve
r,
for
lowe
ring
alu
min
um
be1
0w t
his
level
, al
um m
ay
have to be replaced with other coagulants such as ferric salts. Also. appropriate
tech
nolo
gy w
ill
have
to b
e de
velo
ped
for
the
remo
val
of a
lum
inu
m f
rom
wate
r.
5.4 CHLOROFORM
The
tre
atm
ent
tec
hno
log
ies
ava
ila
ble
for
con
tro
lli
ng
chl
oro
for
m i
n d
rin
kin
g
wat
er
are
simi
lar
to t
hos
e a
vail
able
for
TH
M c
ontr
ol.
The
se
tec
hno
log
ies
are
discussed in the next section.
5.5 TRIHALOMETHANES
Th
e f
oll
owi
ng
me
th
od
s h
ave
bee
n s
ugg
est
ed
for
red
uci
ng
TH
M
con
cen
tra
tio
ns
in
dr
in
ki
ng
wa
te
r
(D
WI
-{
E
Ta
sk
Fo
rc
e,
19
89
):
- P
ro
ce
ss
mo
di
ﬁc
at
io
ns
- s
pec
ial
ly
usi
ng
alt
ern
ati
ve
dis
inf
ect
ant
s i
n t
he
prechlorination stage
5 P
re
cur
so
r r
em
ov
al
eit
her
by
im
pr
ov
in
g
the
co
nv
en
ti
on
al
tre
atm
ent
me
th
od
s
and/or using GAC before chlorination
- R
ep
la
ce
me
nt
of
ch
lo
ri
ne
wi
th
alt
ern
ate
di
si
nf
ec
ta
nt
s
aft
er
ﬁlt
rat
ion
-
Re
mo
va
l
of
TH
Ms
by
ae
ra
ti
on
or
ot
he
r
me
th
od
s
To
ac
hi
ev
e
TH
M
lev
els
be
lo
w
25
ug
/L
,
ch
lo
ri
ne
wil
l
ha
ve
to
be
re
pl
ac
ed
wi
th
al
te
rn
at
iv
e
di
si
nf
ec
ta
nt
s.
Al
th
ou
gh
th
e
US
EP
A
re
co
mm
en
ds
gr
an
ul
ar
ac
ti
va
te
d
ca
rb
on
to
be
an
ef
fe
ct
iv
e
an
d
ec
on
om
ic
al
me
th
od
fo
r
co
nt
ro
ll
in
g
TH
Ms
,
th
er
e
ha
s
be
en
lo
t
of
op
po
si
ti
on
to
its
us
e
(D
WI
-I
E
Ta
sk
Fo
rc
e,
19
89
).
G
A
C
ma
y
be
co
me
po
pu
la
r
in
th
e
fu
tu
re
if
mo
re
or
ga
ni
c
ch
em
ic
al
s
ar
e
ad
de
d
to
th
e
lis
t
of
to
xi
c
ch
em
ic
al
s.
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 5.6 NITRATES
If
nit
rat
es
exc
ee
d t
he
all
owa
ble
lim
its
in
dri
nki
ng
wat
er,
the
n i
on
ex
ch
an
ge
and
rev
ers
e o
smo
sis
me
th
od
s a
re
ava
ila
ble
for
the
ir
rem
ova
l.
Bot
h
me
th
od
s a
re
exp
ens
ive
bu
t
ec
on
om
ic
al
ly
fe
as
ib
le
(E
PA
,1
98
5)
.
6.0
RE
VI
EW
OF
WA
TE
R
QU
AL
IT
Y
DA
TA
FR
OM
SE
LE
CT
ED
UR
BA
N
AR
EA
S
Th
e
ind
ivi
dua
l c
om
mu
ni
ti
es
an
d t
he
rel
ate
d r
egu
lat
ory
ag
en
ci
es
we
re
co
nt
ac
te
d
for
col
lec
tin
g r
ele
van
t d
ata
for
the
sel
ect
ed
che
mic
als
.
It w
as
fou
nd
tha
t t
he
thr
ee
co
mm
un
it
ie
s
in
On
ta
ri
o
sta
rte
d c
oll
ect
ing
dat
a o
n
mo
st
of
the
se
ch
em
ic
al
s
on
a
mo
nt
hl
y
bas
is
in
19
86
.
Ve
ry
lit
tle
in
fo
rm
at
io
n
is
ava
ila
ble
bef
ore
tha
t t
ime
.
Th
e
thr
ee
co
mm
un
it
ie
s
in
the
Un
it
ed
Sta
tes
ha
ve
be
en
an
al
yz
in
g f
or
so
me
of
the
se
ch
em
ic
al
s o
n
an
irr
egu
lar
bas
is.
Th
e
in
fo
rm
at
io
n u
se
d
for
thi
s r
epo
rt
is
tab
ula
ted
in
Ta
bl
e 6
.1.
TA
BL
E
6.
1
-
SU
MM
AR
Y
OF
DA
TA
US
ED
FO
R
TH
IS
RE
PO
RT
PE
RI
OD
TO
RO
NT
O
TH
UN
DE
R
WI
ND
SO
R
MI
LW
AU
KE
E
GA
RY
RO
CH
ES
TE
R
l 2 3 BAY
19
90
x
x
x
x
x
y
y
x
198
9
x
x
x
x
x
y
y
x
198
8
x
x
x
x
x
y
y
x
198
7
x
x
x
x
x
y
y
x
198
6
x
x
x
x
x
y
y
x
x
=
Ra
w
an
d
tr
ea
te
d
wa
te
r
dat
a:
mo
nt
hl
y
(Ca
nad
ian
)
or
qu
ar
te
rl
y
(US
);
y = Treated water data only
So
me
tre
ate
d w
at
er
da
ta
wa
s
me
as
ur
ed
in
the
wa
te
r d
ist
rib
uti
on
sy
st
em
as
op
po
se
d
to
the
wa
te
r t
re
at
me
nt
pla
nt
out
let
.
Th
is
dat
a w
as
co
mb
in
ed
wi
th
the
pla
nt
out
let
dat
a.
Su
ch
wa
s
the
ca
se
for
all
dat
a f
ro
m
Ga
ry
,
the
lea
d d
ata
fr
om
Mi
lw
au
ke
e
an
d t
he
al
um
in
um
, l
ead
, n
itr
ate
an
d T
HM
dat
a f
ro
m
Roc
hes
ter
.
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Both raw and treated water data were collected in order to eStimate the
effectiveness of existing treatment processes in removing or forming the chemicals
under review. The treatment processes currently used by the selected communities are
shown m'Tabk 62.
TABLE 6.2 - TREATMENT PROCESSES CURRENTLY USED BY THE SELECTED
COMMUNITIES
WATER TREATMENT PROCESSES USED
TREATMENT
PLANT PRE- COAG/ SEDIM- EILTR- EOST— OTHER
CHLOR ELOCC ENT ATION CHLOR TREATMENTS
TORONTO l + + + + E, so , AMM
TORONTO 2 + + + + + E, so , AMM
TOR
ONT
O 3
+
+
+
+
+
E,
SO
, A
MM
THUNDER BAY + + + + Polymer
WINDSOR + + + + + Polymer, F
MILWAUKEE + + + + + E, AMM, PAC
GAR
Y
+
+
+
+
+
E,
ZOP
,
AMM
ROC
HES
TER
+
+
+
+
Pol
ymer
, E
,
’ PP, PAC
PRE
CHL
OR
= P
rec
hlo
rin
ati
on;
COA
G/F
LOC
C 8
Coa
gul
ati
on
and
Flo
ccu
lat
ion
:
SED
IME
NT
= S
edi
men
tat
ion
; P
OST
-CH
LOR
- P
ost
—ch
lor
ina
tio
n;
F a
Flu
ori
de
add
iti
on;
50
= S
ulf
ur
dio
xid
e a
ddi
tio
n;
AMM
- A
mmo
nia
tio
n;
209
a Z
inc
Ort
hop
hos
pha
te
add
iti
on;
PP
= P
ota
ssi
um
per
man
gan
ate
add
iti
on;
PAC
=
Pow
der
ed
Act
iva
ted
Car
bon
add
iti
on
pri
or
to
fil
tra
tio
n
Cer
tai
n s
alie
nt f
eatu
res
of t
hese
tre
atm
ent
plan
ts
whi
ch
hav
e s
ign
iﬁc
anc
e i
n th
is
report are discussed below:
6.1 TORONTO, ONTARIO
Tor
ont
o h
as
thr
ee
wat
er
tre
atm
ent
pla
nts
all
of
wh
ic
h r
ece
ive
ra
w w
ate
r f
rom
La
ke
On
ta
ri
o.
Th
es
e
W
T
P
ar
e:
TO
RO
NT
O
1 =
TO
RO
NT
O
EA
ST
ER
LY
TO
RO
NT
O
2
=
TO
RO
NT
O
(R
.L
.
CL
AR
K)
TO
RO
NT
O
3 =
TO
RO
NT
O
(R
.C
.
HA
RR
IS
)
Es
se
nt
ia
ll
y
th
e
sa
me
tr
ea
tm
en
t
is
pr
ov
id
ed
in
all
th
re
e
pl
an
ts
.
Su
pe
rc
hl
or
in
at
io
n
is
us
ed
fo
r
di
si
nf
ec
ti
on
an
d
fo
r
ta
st
e
an
d
od
ou
r
co
nt
ro
l.
Su
lf
ur
di
ox
id
e
is
us
ed
as
a
23
  
dech
lori
nato
r an
d am
mon
iat
ion
is u
sed
to p
rodu
ce a
long
last
ing
chlo
rami
ne (
chlo
rine
+ ammonia) residual in the distribution system (OME, 1988). The use of chloramine
has been shown to reduce the formation of THMs.
6.2 THUNDER BAY, ONTARIO
Thunder Bay has two water treatment plants but only one (Bare Point) has
been considered in this study because the other plant does not draw water from the
Great Lakes. This plant is a conventional water treatment plant.
6.3 WINDSOR, ONTARIO
This water treatment plant provides conventional treatment with the exception
that in the Summer of 1990 PAC was added to control taste and odour.
6.4 MILWAUKEE, WISCONSIN
Both the Linnwood and Howard Avenue water treatment plants use
ammoniation and add PAC in the summer for taste and odour control. The Howard
Avenue plant uses potassium permanganate in addition to chlorine for pretreatment
oxidation. Linnwood does not employ prechlorination. Data from both plants have
been combined in this study.
6.5 GARY, INDIANA
The water treatment plant in Gary is a conventional plant with the exception
that zinc orthophosphate is added for corrosion control. The chlorine dose is reduced
by the addition of ammonia which provides a longer-lasting residual.
6.6 ROCHESTER, NEW YORK
The treatment plant in the town of Greece has the capability of chlorinating at
several points. Typically, chlorine is added before and after ﬁltration. Potassium
24
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man
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ate
is u
sed
as a
raw
wate
r ox
idan
t re
sult
ing
in l
ess
odou
r th
an w
hen
chl
ori
ne
is u
sed.
PA
C i
s ad
ded
to c
ontr
ol
tast
e a
nd
odo
ur
whe
n t
he
raw
wat
er
temperature exceeds 50°C.
6.7 ANALYSIS OF DATA
The
raw
and
trea
ted
wate
r da
ta c
olle
cted
fro
m th
e ab
ove
plan
ts w
ere
anal
yzed
for each chemical as described be10w:
- Th
e m
ean
valu
e, h
ighe
st v
alue
, lo
west
valu
e an
d th
e nu
mbe
r of
valu
es a
re
rep
ort
ed
in
Tab
les
6.3
to
6.8
res
pec
tiv
ely
for
Ben
zen
e,
Lea
d,
Al
um
in
um
,
Chl
oro
for
m,
Tri
hal
ome
tha
nes
and
Nit
rat
es
in
raw
wat
er.
Whe
re
the
val
ues
wer
e b
elo
w t
he
det
ect
ion
limi
t (
BDL
),
the
num
eri
cal
val
ue
use
d f
or
cal
cul
ati
ng
the
ave
rag
e w
as
one
hal
f o
f t
he
det
ect
ion
limi
t.
Wh
en
all
val
ues
for
one
loc
ati
on
for
a y
ear
wer
e
BD
L,
the
ave
rag
e i
s r
epo
rte
d a
s l
ess
tha
n t
he
detection limit value.
- T
he
me
an
val
ue,
hig
hes
t v
alu
e,
low
est
val
ue
an
d t
he
nu
mb
er
of
val
ues
are
rep
ort
ed
in
Ta
bl
es
6.9
to
6.
14
res
pec
tiv
ely
for
Be
nz
en
e,
Le
ad
,
Al
um
in
um
.
Ch
lo
ro
fo
rm
, T
ri
ha
lo
me
th
an
es
an
d
Nit
rat
es
in
tre
ate
d w
ate
r.
Th
e
dat
a w
er
e
analyzed as explained above.
« T
he
ra
w
wa
te
r
an
d
tr
ea
te
d
wa
te
r
da
ta
for
th
e
ent
ire
pe
ri
od
st
ud
ie
d
for
a
pa
rt
ic
ula
r c
he
mi
ca
l
at
sp
ec
iﬁ
c
lo
ca
ti
on
we
re
po
ol
ed
an
d r
an
ke
d
in
de
sc
en
di
ng
or
de
r.
Th
e
fr
eq
ue
nc
y
of
ex
ce
ed
an
ce
wa
s
ca
lc
ul
at
ed
an
d
th
e
re
su
lt
s
ha
ve
be
en
pl
ot
te
d
on
lo
g-
pr
ob
ab
il
it
y
pa
pe
r
in
Fi
gu
re
s
6.
1
to
6.
4.
Fo
r
le
ad
,
ch
lo
ro
fo
rm
an
d
tr
ih
al
om
et
ha
ne
s
(F
ig
ur
es
6.
1,
6.
3
an
d
6.
4)
on
ly
va
lu
es
ex
ce
ed
in
g
1
ug
/L
ar
e
pl
ot
te
d.
Fo
r
al
um
in
um
(F
ig
ur
e
6.
2)
,
on
ly
va
lu
es
ex
ce
ed
in
g
10
ug
/L
ar
e
plotted.
25
  
TA
BL
E 6
3 -
Ben
zen
e i
n R
aw
Wat
er
(ug
/L)
Ont
ari
o
Wis
con
sin
Indi
ana
New
Yor
k
Thu
nde
r B
ay
Tor
ont
o
Tor
ont
o
Tor
ont
o
Yea
r
(Ba
re P
oint
)
Win
dso
r
(Eas
terl
y)
(KL
CIa
rk)
(RO
I-l
ama
)
Mil
wau
kee
G81
1
Roc
hes
ter
0.05
0.05
0.05
< 0.
05
< 0.
05
< 0 5
1990
0.03
10
0.03
6
0.03
6 <
0.05
6 <
0.05
6
NA.
NA.
< 0.0
5
1
<0.0
5
<0.0
5
<0.0
5
<0.0
5
<0.0
5
<05
<0.0
5
0.10
<0.0
5
<0.0
5
0.05
<0
5
1989
<0.
05
9
0.04
11
<0.
05
12
<0.
05
12
0.03
12
NA.
NA
<0.
05
1
<0.0
5
<0.0
5
<0.0
5
< 0.0
5
<0.0
5
< 0
5
<0.
05
<0.
05
<0.
05
<0.
05
<0
51
1988
NA.
<0.
05
12
<0.
05
12
<0.
05
10
<0.
05
11
NA.
NA
<00
5
‘2
<0.0
5
<0.0
5
<0.0
5
<0.0
5
<1) 5
<0.
05
<0.
05
<0.
05
<5
1987
NA.
<0.
05
13
<0.
05
12
NA.
<0.
05
12
NA.
NA.
0 8
2
<0.0
5
<0.0
5
<0.0
5
<1
<
2
1986
NA.
NA.
NA
NA.
NA.
NA.
NA.
08
3
<1
2
6
         
KEY
Hig
hes
t Va
lue
Aver
ege V
alue
Numb
er of
Vdue
l
Lowelt Value
NA.
= No
t Ava
il-1:1
0
J
'
l
l
l
l
l
l
l
I
'
l
l
{
"
1
I"
I
l'
I'
   
II
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
2
7
TAB
LE
64
- Lo
td i
n Ro
w Wa
ter
(ug/
L)
Ont
ari
o
Thund
er Ba
y
Yea
r (
Bar
e Po
int)
Win
dlo
r
Toronto
(E
at
er
y)
Toronto
(111
0:11
19
Toro
nto
(RCHnrrii)
Wisconsin
Milw
auke
e
Indiana
Gary
New York
Rochester
 
0.67
0.12
11
<005
11.
00
5.30 5
1.
30
19
90
0.70
0.45
6
0.
30
0.63
1.
50
6
0.21
0.44
0.81
6
0.13
NA
.
<
6
<6
6
<6
3
?
?
1.8
2
<
1
0.
26
0.08
11
< 0
.02
51.00
8.58 12
1.10
1989
1.
09
0.59 12
0.19
0.58
0.95
12
0. 22
0.49
0.
94
12
0.13
NA
.
1
0
<6
<5
<5
2
0.20
0.11
4
< 0.05
20.
00
3. 84
13
0,43
1 9
88
0.54
0.26
12
0.10
0, 37
0.
88
12
0.15
0.28
0.5
12
0.2
NA.
3]
<6
N
A
7
NA.
3 13
<
3
1
9
8
7
4
2
13
<
3
6
12
<3
2
4
1
2
<
3
NA
.
4 11
<
6
<20
7.5
'2
<
1
0
450
NA.
106 7
11
1986
  
N.A.
 
NA
.
 
NA
.
 
NA
.
 
<10
<10
11
<0
  
<
5
0
13.7
3
6
.111
 
KEY
Highes
t Valu
e
Ave
rag
e Va
lue
 
Low"!
Vduo
Num
b"
of V
alue
:
NA.
= Not
Avail
uhlo
 
  
 .I
l
2
8
.l
1
TABLE 6.5
- Aluminum
in Raw Wate
r (uyL)
Thund
er Ba
y
Year
Ontario
(Bare Point) Windsor
Toro
nto
(Easterly)
Toronto
(R. L.
Clarl
Q
Toronto
(RC. Harris)
Wisconsin
Milw
auke
e
 
Indiana
Gary
New York
Rochester
1990
66. 00
22.
62 11
7.60
28
0.
“)
117.
20
5
29.
00
25.
417
6
41.00
9.
50
36.9 6
89.00
9. 40
48.00
19.
65 6
4.30
15
0
4
4
10
5
0
NA
.
<50
<50
2
<50
19
89
22
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